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(57) Abstract; Ink jel printing in provided on large 
area subsualcs such as wide width lexlilc webs. The 
printhuads arc driven by linear servo motors (633) 
across abridge (630> ±m extends across the substrate. 
The timing of the. jetting of the ink is conidinaled 
wiLh trie motion or the prinlheuda (640. 641), so 
that the heads can be rapidly moved and the ink can 
be jetted while the primhcuds arc acoclciariag or 
decelerating as they move on the bridge. Preferably, 
ultraviolet (UV) light curable let is jelled and first 
partially cured with ItV lighl (645, 646) and then 
subjected to healing lo more completely reduce 
uncurod monomers of the ink: on the substrate. 
Preferably, file heal is applied hy contacting the 
substrate with a Healed plate (661, 662). Ink jel 
printing is provided using ultraviolet (UV) light 
curable or other curable composition or stable or 

other printable substance. In certain embodiments 
the UV inV has a dye-component therein. The ink is 
jelled onto a substrate, the composition is cured, then 
hound Lo set the dye. Sublimation dye-based IJV ink printing tmlo polyester is preferred. A release layer al protective rnalerial 
(702, 704) such as a TEFLON Him or sheet, co-tfers a substrate support (705 , 706). A porous substrate to be printed, such as a textile 
material (711), is snpportcd on or above the support. Ink is jetted onto Die substrate, with some of the ink passing through poxes in 
the substrate and landing on the protective material. U V curable i lit is pieferahly used and is exposed by UV light from a 11 V light 
curing head, which solidifies the ink on the substrate. The IJV curing light has a long enough focal length lo focus un the surface of 
the substrate and also, where it passes through pures in the substrate, on ink on the protective material, thereby solidifying the ink 
on the protective material. When the substrate is removed from the support, the solidified ink on the protective material may bo 
wiped from the protective material. The protective materia] may be a coating on the support over which the substrate slides or a belt 
that moves with the substrate. A tactile substrate may be preconditioned by singeing orsliaving to remove fu7.z from the fabric that 
could clog the priutheads. A pritithead cleaning station is also provided. 
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METHOD AND APPARATUS t'OR INK .IET PRINTING 

This is a continuation -in- pari of LI 5 Application Serial Nu. 09/032.427, filed August 17. 2001. which 
is a coilLinuatiail-in-part of U.S. Patent Application Serial No. 09/824,517, tiled April 2, 2001, which is a 
continuation-in-part of U S Patent Application Serial No. 09/823,268. filed March 30. 2001. 

This application is also a coiuiiiuatioii-in-part of provisional U.S. Patenr Applications Seri.-il 
5 No (10/327.622. Tiled Octohe 5, 2001, and Serial No. 60/333.319. filed November 26. 2001. both hereby 
expressly incorporated by reference herein- 

Tliis application is also related to U.S. parent applications filed March 30, 2001 ajid entitled "Method 
and Apparatus for Printing on Rigid Panels and Other Contoured or Textured Surfaces". Serial No. 09/822,795 
and "Printing and Quilling Method and Apparatus". Serial No. 05/822,794, each commonly owned with the 
10 present application and each hereby expressly incorporated herein by reference. 

This application is also related to U.S. Patent Applieuii.nl Serial No. 09/390,571. fifed September 3 . 
199'J and of International Application Serial No. PCT/USOO/24226, filed September 1, 2000. of which U S. 
Application Serial Kos. 09/932,427 .09/824,5 1 7 and 09/S23.268 are con ri i) nation 4 in pan, which are commonly 
owned with the present application and are each hereby expressly incorporated herein hy reference. 
15 Kit Id nl the Invention ; 

The present invention relates to inkjei priming, and particularly useful for ink jet pouting on to textiles, 
onto wide web, large panel and other extended area substrates, and onto other substrates on a high Speed and 
1:1 > in tei u.al scale. 
Hackgruuitd of the Invention 
20 Needs hive arisen for the printing of large banners, flags und signs iiitiiiiuitities that are not economical 

for many conventional printing processes. Proposals have been made to print such products from eleeiroiiie 
source 11 let I hat can be processed directly On the printing press or printing system, rather than through steps sucli 
M film image-selling orid plmc-inaki iijj. Otis such proerjss is Hik-jet printing. These processes luve been 
attempted onsurf'iuees suctias vinyl, but printing with success onto textile surfaces has heeneven more limited. 
25 Such processes have heen slow and lack reliability. The clogging of print heads in ink jet printing has been too 
frecuenl lint use in wide width and large area substrates, and the processes used have not pmdneed acceptable 
printing on textile material*. 

The priming of substtates that are more than several feet, or a meter, wide, referred to us the special 
categfity of "wide width ' printing, into which category the printing of signs and banners, office partitions , 
30 illauress licking and niosl other epiiltalsle materials would fall, is beyond many of the limitations of conventional 
printing methods. A number of technical problems exisl that have deterred the development of the priming of 
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wide fabrics such us mattress covers, upholstery, automobile seat cover fabrics, of rice partitions and oilier wide 
width substrates. 

Wide widih products are. frequently printed in rclalivelystilall quantities. Traditional printing typically 
involves the creation of u plate, a mat, a screen, or some odier permanent or at least tangible, physical image 
5 from which ink is transferred to the object being printed. Such images contribute a reliurively high set up cost 
[hat is only economical where the number of identical copies of the product is large. At the odier extreme, office 
printers, tor example, print a single copy or a small number of copies of a given document or other item, and 
are currently of the type that uses no permanent, physical image transfer element, but which rather prints Iran 
a software or program controlled electronic image, which tun be changed from product to product. Such 

10 printing is sometimes referred loos direct digital printing, although the process need not necessarily be literally 
'digital" in ihe sense of a set of stured discrete numerical value*. Inkjet primers are a common type of such 
direct digital printers in use today. 

Inkjet printers print by projecting drops of ink on demand onto a substrate from one rir mote nobles 
on one or more print heads Office printers and oilier narrow width ink jet printers usually dispense water based 

15 or other solvent based inks onto the substrate by healing the ink and exploding bubbles of the ink out of die 
nozzles- These piiniers me often culled bubble jet printers. The ink fr om such primers dries by evaporation of 
a solvent. Sometimes additional heal is used 10 evaporate the solvent and dry Ihe ink Printing onio wide width 
substrates with bubble lype ink jet printers, or ink jet printers lhat use-high temperature techniques lo propel the 
ink. suffer from limited prinrhend life or high mean time between failures that require downtime and servicing. 

20 The lieat tised lo espel the ink and to cause the. evaporation of the solvents, evaporation lhai occurs during 
prinfliead downtime, and the thermal cycling of the heads, causes llieseprinl heads to clog or otherwi se fail after 
as little as 21) milliliters of ink is dispensed. Office printers ;ue, lor example, often designed so dial ihe print 
head is replaced every time a reservoir i>f ink is replenished. For this reason, for larger scale ink jet pruning 
processes, such as wide width printing of films used for outdoor advertising, signage and luchileciural 

25 applications, prim heads that use mechanical ink propulsion techniques are more common Such mechanical 
print heads include piezo or piezo-crysial prim heads, which convert electrical energy into iiiti a-erysral vibrations 
thai cause drops of ink to he ejected from print head nozzles. 

Piezo print heads art particularly useful fur applying inks that dry by polymerization which can be 
brought about after lite ink leaves Ihe print head and is deposited onto the substrate, usually by exposure to some 

30 form of energy medium such tis electromagnetic or panicle radiation, inks have been formulated for ink jel 
priming that can be polymerized by exposure to a radiation curing source such as a focused beam of ultra violet 
Itghr fUV) or high energy beams of electrons (EB). The inks generally incorporate stabilizers which prevent 
premature curing due lo low levels of light exposure. Therefore, the inks usually require exposure lo some 
threshold level o I energy to initiate a polymerization reaction. Unless ex|»sed to such threshold energy levels, 

35 such inks do not polymerize and remain stable, with a low tendency to dry in (lie nozzles or elsewhere unless 
cured by adequate exposure to the energy medium. 

Solvent based inks aie primarily cured by evaporation of the solvents. Some solvent based inks can 
be cured only by air drying, while others require the application of hear lo enhance the evaporation of the 
solveni. In some cases, hem will facilitate a cltetnical change or polymerization of ihe ink along with nil 

40 Evaporation of a solvent. Polymerizable inks include monomers lliul oligomers lhai polymerize, and other 
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additives. UV curable inks polymerize when exposed in UV light tit or above the threshold energy level. These 
UV tumble ink formulations include photo- in itiji tor* which absorb light and thereby produce free radicals or 
cations which induce cross-linking between the uiNuuinjiion site* of the monomers, oligomers and polymers, 
as well us otliet additive components. Electron team-cured inks do not require phttto-iuhibilots because the 
5 electrons ate able 10 diiectly initiate cross-linking. 

Heal or air cninble inks tliat are organic solvent based or water based inks often do not have as high 
a color intensity as LfV cm able or other polyinciizablc inks because the pigments or dyes that produce the color 
are somewhat diluted by the sol i-ent. Furthermore, organic solvents can produce an occupational hazard, 
relinking cosily measures be taken to minimize contact of the evaporating solvents by worker x and to minimize 

10 oilier risks such as the risks of fire. Solvent based inks, whether applied with heat or not, tend to dry out and 
eventually clog ink jcl nozzles. In addition, solvent based inks set by forming a chemical bond with the 
substrate, and accordingly their formulation is substrate material dependent Asa result, the selection o I' solvent 
based ink varies front fabric to fabric. Specific ink compositions are paired with specific fabric compositions 
to improve the fastness of the ink to the fabric, which results from chemical or electrostatic bonds formed 

15 between lire ink and die fabric, Where die selected ink. composition does not react or otherwise has ail affi nily 
with the surface of the particular fabric, the ink merely maintains a physical contact with the fabric surface and 
typically is easily removed by walcr, another solvent or abrasion. Willi IJ V and other radiant beam-curable inks 
such as electron beam-cured inks, the bonding between the ink and fabric is primarily mechanical and not 
limited to specific combinations ol* ink and fabric. 

20 Palytiierizuble inks, particularly those aired upon exposure to a radiation or energy medium, are 

difficult to cure on three dimensional substrates such us the surface of a lejttile. While UV curable inks ate 
capable of providing higher color intensity and do not present the hazards that many solvent based inks present 
and can avoid nozzle clogging, printing withUV curable ink onto textile fabric presents other problems thuthave 
not been solved in the prior art. To cure UV ink. for example, il must be possible to precisely focus a U'Vcuring 

25 light onto the ink. UV ink, when jetted onlo fabric, parfkailirly oitlo highly textured fabric, is distributed at 
various depths over the texture of the fabric surface. Furthermore, the in k tends to soak into or wick i nto Hie 
fabric. As u result, ihe ink is present at various depths on the fabric, so that some of the ink at depths above or 
below the focal plane of rhe LTV curing light evade the. light needed lo cause a lotal cure of the ink. In order to 
cure,UV ink mint be exposed to UV light at an energy level above a curing threshold. However, in creasing the 

30 intensity of the curing light beyond certain levels in order lo enhance cure of rhe ink can bum. scorch or 
otherwise have destructive effects on tile deposited ink or Ihe fabric. Furthermore, ink jet printing can be carried 
out with different ink color dots applied in a side-by-side pattern or in a dot-on-dol (or drop-on -drop) pattern, 
with the dot-on -dot method being capable of producing a higher color density, buttle higher density dot-on-dol 
pattern is even more difficult lo cure when the cuie is by UV light. 

35 In addition. UV ink can be applied quickly to reduce wicking and UV ink can be developed to allow 

minimized wicking. Some wicking. however, can help to remove artifacts. Rirllier, many inks developed to 
eliminate wickiug leave a stiff paint- like layer on the surface of the fabric, giving the fabric a stiff foe] or 'bad 
hantT\ Therefore, to reduce the UV cuiini; problem by eliminating wicking is not always desirable. 

UV curing or jelled ink on fabric has been plagued by a limited cure depth that is determined by the 

40 depth of field of rhe focused curing UV light. When UV curable ink is jetted onto fabric, UV light may he 
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ineffective to cure a sufficient portion of the ink. A large audited portion of the deposited ink can cause 
an, erne it nf the ink or Ihe loss of [he ink over lime, resulting hi deterioration of the printed images Even if 
,i sufficient portion of the ink is cured to avoid visibly detectable effects, uncured ink : i some level hits ihe 
possibility of producing symptoms in some pei"sinis who contact the printed fabric. The amount uf uueurecl 
5 iiKmomersor ink components lliat can cause problems by inhalation or direct skin contact has not been officially 
deteiniincd, but standards exisi lordeierminiug limits fmcoiuponeiils of packaging material ingested wirh food. 
For example, if more than approximately I U0 parrs per million (PPM) of ink frail! packaging material in present 
In food, some persons who arc sensitive to ihe uucured monomer* muysuffei reactions and others may develop 
sensiti vities to the material. Such cri tcria assumes thai 1 square inch of packaging material makes contact witlt 

1 0 ten grams of food. Thus, to interpret litis criteria, it is assumed that each PPM of ink component in packaged 
food is equivalent to J 5-5 milligrams of ink component migrating out of each square merer of packaging material 
into the food. While Tills does nol provide an exact measure of the amount at uncured ink components that 
might he harmful to humans, it suggests thai approximately 10% of uncured ink components on items of 
clothing, mattress covers or other fabrics with which persons may be in contact for extended periods of time, 

1 5 n»ay be unacceptable. 

For the reasons stated above, UV curable inks have not been successfully used tri print onto fabric 
where a high degree of cure is required. Heat curable or othct solvent based inks that dry by evaporation can 
be cured on fabric. As a result, the ink jet priming of solvent hated inks and heat curable m air dryablc solvent 
based ink has been the primary process used to prim on fabric. Accordingly, the advantages of UV or other 

20 radiation curable ink jet printing have not been available for printing onto fabric. 

UV inks, other polymerizable inks and other stable inks arc typically those that reside on the surface 
uf Ihe substrate. The color en mponema of die inks arc ill t lie f oj m o f p igineit is s u spended in a pol ymcr or o ll ia 
curable matrix. When the printed substrate is washed or exposed to weullier or wear, ihe ink coaling usually 
fades or otherwise degrades Inks containing dyes, on the other liand, provide color fastness because the dye 

25 dissipates into and becomes chemically or mechanically bonded lo Ihe fibers of the substrate. Such dyc-bascd 
inks are particularly useful in printing on polyester substrates, where sublimation dyes effectively bond to the 
. polyester fibers. But because such inks employing dyes as the color component have traditionally required a 
solvent to suspend and carry the dye lo the substrate, dye-hascd inks have resulted in "drop-spread", wickirig 
uf the ink, or blurring of tlx) images that are being printed. Asa resull, the need tn reduce this drop-spread with 

3D dye-based inks has necessitated the use of rails fer processes rather than direct digiinl printing, 

furthermore, in the ink jet priming of textiles, specifically those made of poruus materials or open 
weave rubrics, the jelled ink passes through holes in the substrate and deposits onto the substrate support 
Traditionally, an absorbent hlntter-1 i ke layer is placed under die substrate to collect the excess in k. The handling 
and disposal of die ink carrying layer is messy and inconvenieni. 

35 There exists a oeed in priming of pattenis onio mattress ticking and mattress cover quills, as well as 

only oilier types of fabrics, for a process lo bring tihoul tin effective cure of ink compositions containing LFV 
curable inks and lo tender practical the printing with UV curable inks onio fabric for clog free ink-jet priming 
with stable inks that are completely curable, resulr in color fast images, with a minimum of drop spread. 
Additionally, a better way is needed lor handling excess ink rhat passes through porous textiles in an ink-jer 

40 printing process. 
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Summarv i>f the Inveilliull 

Objectives of *e present invention include providing ink-jet printing willi stable inks, providing for 
the complete curingof such inks, and providing fot producing color fast images with such printing, particularly 
with .1 minimum trf drop spread- A further and more particular objective of the invention is to provide t'nr the 
5 ink jet priming of dye-h.'used inks. 

One objective of Uiepiesentinvention is to provide an effective method and apparatus lor wide width 
direct digital priming, and for printing onto textiles. Another objective of the invention is ineffectively apply 
a stable curable ink uuio a textile or other suhstiate ;ind to effectively cure the ink on the substrate wilh UV or 
Other energy, a chemical curing agent or othei curing medium, and particularly doing so using ink jei printing. 
10 A further objective of the invention is to successfully apply and effectively cure ink jetted onto 

textiles and other substrates in a reliable manner without a tendency of Ihe nozzles of the heads to frequently 
clog, Particularly, it is an objective of Ihe invention 10 print onto textile fabrics and wide width substrates with 
a piezu Or other mechanical or electro- mechanical print head. 

Another objeclive of Ihe invention is to provide for lire printing onto textiles and other textured or wide 
1 5 width substrates using a priuhitile substance that remains stable until deposited onto the surface ol the substrate, 
and particularlyby curing the substuncea sufficienilyshorttimc Inn in when ihe substance enn tacts the substrate 
to freeze Ihe substance, and prevent the spread] ng thereof. 1 1 i s a f uilhc r objee live of Ihe in v en tion ro do so w hi Ic 
pnoviding color fastness ur other advantages of dye-based inks. 

A particular objective is to provide such a process for printing with UV ink or other inks thai are 
20 tumble by cxpusuie to impinging energy. A particular objective of the invention is to provide fur the effective 
curing of UV inks jetted onto textile 01 fabric by reducing line tired monomers and other extracutble iron-solvenr 
polymeriMrion reactants, including leucianl byproducts, or components of ihe ink, to a level most likely 10 be 
tolerable by or acceptable to persons contacting the primed substrates. 

Auothei objective of die invention is to accommodate ink thatisjetted rJirougli a porous or open weave 
25 substrate in a neat and efficient lliamier. 

According to the principles of the present invention, ,t stable ink is Jigiially printed OHIO fabric and 
setting of the ink is initialed ofier ihe ink is deposited omo die substrate Tly a "stable ink" is mean! one that will 
mil begin locure. thicken or otherwise change properties in a way thai will adversely affect the ability to apply 
the ink to the tabu rate, unless and umil such ink is exposed to a curing medium iliat is otherwise ubsciu from 
3D its environment. Inks that beem to set or which thicken upon evaporation of a solvent uie not stable us herein 
dellned. Inks thai begin to polymerize before biting exposed to UV light from a particular lighi source or to 
chemical agents that ;ue provided lo contact the inks after being applied to a substrate are also not considered 
stable. 

bi the preferred embodiment, stable UV ink monomers are deposited onto the substrate and 
35 polymerization of the ink is initialed by exposure to an impinged energy beam, such as UV, EB or oilier such 
energy beam. In accordance with certain aspects of the invention, the UV exposed Or otherwise polymerization 
initiated ink is thereafter subjected to heai to reduce ihe content in the ink of uirpeilyincrised polymerizablc 
reautanti and other extractablc components of ihe ink lo low levels that arc likely to be tolerable or otherwise 
acceptable to persons contacting the fabric. 
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According Co embodiments of the invention, stable dye components car arc added to the otherwise 
polymetizahle or stable ink or other printable colorant or substance in form u stabte composition. T]ie 
composition is digitally primed onto the substrate, whereupon the dye component is brought into contact with 
fiber surfaces in the fabric to chemically bond or form ait affinity with those surfaces. Polymerization of* die 
5 IfV or other curable ink component is initiated by exposure to an impinged energy beam, such as UV, EB or 
oilier such energy beam. This exposure is preferably carried nut upon contact of the substrate by the substance 
or immediately after. Tins effects at least a surface cure of the UV or other curable ink component, free-ring die 
dots on the substrate surface and preventing dot spread, but generally has little effect on the dye component. 
Then the partially polymerized or cured printed Substance is thereafter subjected to heat Incomplete chemical 

10 bonding of the dye nr to finalize formation of its affinity to the fiber surfaces, and to reduce the unpalyincrized 
polynrerizable reucianis and other cxtraetable component* of the UV or other curable component. In particular, 
the Invention provides for an ink composition which contains, in combination with die UV ink or oilier inks 
cm able by exposure to impinging energy, one or more dyes which are both reactive or have an affinity to some 
or all of the. fiber surfaces of the fabric and are compatible with the UV or other curable int. '"lie UV inks or 

1 5 other inks curable by exposure to iinpfmri raj energy are comprised of a polymerizable portion and at least one 
pigment. suS|Kiided tit ihe polymerizable portion. 

The ink composition Incorporates a separate dye component which is combined with the UVor other 
impinging energy curable ink base. The base may or may not also contain pigment. The dye component of such 
ink compositions may be selected from the group in eluding, but not limited to, dispersion dyes, reactive dyes, 

20 acid dyes, foasicdyes, metallized dyes, nuplitltol dyes anddyes that do not require a post-treatment to either set 
the dye or to develop the color. Dispersion dyes are widely used far dyeing most manufactured f I bets, including 
particularly the Fibers of polyester and other synthetic textiles. Reactive dyes lire anionic dye* which react with 
hydicxyl groups in cellulose fibers in the presence of alkali. Acid dyes are used on wool and other animal fibers, 
as well as certain manufactured fibers such as nylon. Basic dyes arc positive-ioil-carrying dyes which have a 

25 direct affinity for wool and silk These dyes may also be used on hasie-dycable acrylics, rmiditciylics. nylons, 
and polyesters. Muplithol dyes are formed on the fiber by first treating the fiber with a phenolic compound in 
caustic solution and then applying a solution of u diazottitm salt, the salt reacts with the phenolic compound 
to produce a colored azo compound. Generally, these (lyes are used for cellulose fibers. 

Dye based inks uccnrdtne to the present invention may also be applied to solid non-textile articles, as 

30 for example ceramic mugs and plates. Such articles are coated with acrylutes or other polymeric substances to 
which dyes such us dispersion dyes can bond. With the invention, the traditional transfer printing process used 
for such articles con he replaced with direct digital printing with dye-based polyirterizaMe ink. 

In certain embodiments of the invention, u stable ink composition is jetted omo fabric and the set or 
cure of the ink is initiated by exposure to a chemical substance, energy or otherwise after it is ejected from the 

35 ink jet nozzles. In the- preferred and illustrated embodiments, UV polymeriz able ink is jetted onto the substrate 
where it is exposed to UV light lor its cine. Preferably, a non-bubble jet print head such as a piezo-crystal or 
omerniechaiiical ink ejection transducer is used tojet the ink. Heat may be applied to ihe piezo-crystal or other 
mechanical ink injection transducer during operation, but generally only to the extent necessary for ink viscosity 
reduction. With or following the exposure to the UV light, the printed fabric is subjected to heal, either in the 

40 form of a heated air stream, a healed platen or other heat source, which cither extends Ihe UV light initiated 
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eniinjt process, drives off uncured minponaiilit of ll« ink. or both. Any dye component suspended in the ink 
is also activated and set by the heat. Willi a sublimation tlyecanipoiiBin the suspended dye particles ace believed 
tos ublhne inlo molecule siaed particles which are. highly reflective and produce intense color. These molecules 
disperse into cavities in the subsD-ate. into poies on the textile fiber surface, or elsewhere in the cuied matrix ot L 
5 [he polymerizable ink component, w he re ihey are fined upon cooling. 

Typically onecr more sets of four print heads are provided on a carriage, with each of the four heads 
of each set configured to scan cite substrate sequentially to deposit each of four colors of a CMYK color set. 
Ill a preferred embodiment two sets of tour prim heads each are configured so thai each set prints the same four 
colors in it two prinuiearj w id eslri p. oi alternatively, the sets are configured and controlled to prim over iliu same 

10 urea with each of eight colors- 
More particularly. l/V eatable ink is jetted onto the substrate, and the jetted ink is exposed to UV 
curing light IO cure the UV ink component lo an extent sufficient to render the printed image substantially 
resistant to further wicking, wliicli is generally about 60 to 95% polymerization depending on ink density, 
substrate porosity and LOniposiiiuii , and substrate weight and thickness. Preferably, UV light curing heads arc 

1 5 mounted on the carriage carrying the printheads across the. substrate, one on each side of [lie heads, with the 
lights alternating during the bidirectional motion of the prim heads to exjxise the ink immediately after heing 
deposited on lite substrate with light from tire (railing lighr curing head. Trie light curing heads are directed onto 
the substrate to expose ihe ink immediately after it contacts ilie substrate lo freeze the dots of ink and curtain 
the tvickiiigof the ink into textile antl other absorbent fcibric. Then, ihe fabric bearing the rjartiallycured jetted 

20 ink is heated widi heated air in a heal curing oven or by contacting die substrate with a healed platen or both, 
.11 which lime iheUV light initiated polymerization may continue, ornncined monomers. ire vaporized, or both, 
in order Lu produce a printed imiige of UV ink fJiarcrjniaiiiF a reduced level ul'tuicured monomers or other 
components of the ink which is likely to be tolerable by persons sensitive or poreniially sensitive to such ink 
components. Where dye is included in the ink, the presence of heal facilitates chemical bonding or affinity 

25 formation of unreacted dye in contact willi fiber surfaces in the fabric Preferably, the unowned components nf 
the ink are reduced to in order of magnitude oTitbciul a gram per square meter, for example, and generally not 
more than about 1,555 grams per square meter of uncured monorneroii die fabric substrate. 

In the preferred embodiments, linear servo motors are provided lo drive the prim heads, at least 
iransvei-sely. over the substrate. Linear motors are easier to tune, require little service, and hit>e better 

30 acceleration and deceleration ihan bell or olher drive systems. Such servos provide accuracy thai enables 
printing to be carried out while the heads are accelerating or decelerating- Programmed compensation is made 
f or the vu ri a b le head speed b y the ti mi iig of the jelliii g of Iho ink. Tlui 5. ureas 0 f tl ic s u b sti-ate liavi ng no pvi uti n g 
can be skipped at high speed, greatly improving the speed and efficiency of die print o|ieraiioii by minimizing 
the time during which the print head is not depositing ink on the subiilrale. 

35 To the extent that a dye component is included which does not bind chemically lo the fiber surfaces 

or form an affinity, the portion ol" tlye which does nni react willi ihe surfaces is encapsulated within die 
polymerized UV ink composition to minimize migration of die dye. This encapsulation effect reduces or 
eliminates the need for posr-l real men! to remove the mobile dye from the fabric. 

According to the preferred embodiment of the invention, ink is jetted onto a textile material or a highly 

40 textured fabric such as a mattress cover ticking material, preferably prior to the quilling of the fabric into a 
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mattress cover. The ink is jetted at ttdoc densi ty of about 180x256 dots per inch per color to abou I 300x300 dots 
per inch per color, though lower dot densities of front about 90x25u" dots per i ncli or as low as about 90x90 dots 
per inch can be applied with acceptable resolution for certain applications. Typically, lour colors of ti CMYK 
color paiene ait applied, each in drops ordots of about 75 pitch ters, or approximate! ySD nanograms, perdmp, 
5 utilizing n UV ink jer piam head. A Li V curing light head is provided, which moves eidtcr with the prim head 
Dr independent of the prou head and exposes the depusited drops of UV ink Willi a beam of about 300 walls pet 
linear inch, applying about 1 joule per square centimeter. Generally. UV ink will begin Locate, at least on the 
sin-face, at low levels of energy m the range of about 20 or 3D millijoulcy per square centimeter. However, to 
effect curing in commercial operation, higher UV intensities in the range of about 1 joule pel square centimeter 

10 arc desired. Provided that some minimal threshold level of energy density is achieved, which can vary based 
tin llic foimulation of die ink, the energy of Lhc beam can be varied as a function of fabric speed relative to the 
light head and the sensitivity of the fabric tt> damage from the energy of the beam. 

The fabric on which diejeued ink has been iheitihy partially LTV cured is then passed through tin oven 
where it is heated to about 300'Ffor from about 30 seconds up to about three minutes. Forced hot ail may be 

1 5 used lo apply the heat in the oven, but other heating methods such as infrared or other radiant healers may he 
used. Alternatively, heated platens may be used lu heat Use ink bearing material, and such platens are 
particularly effective in bringing the material quickly up to the 300'F temperature. The UV energy level, oven 
healing temperature and oven heat time may be varied within a range of the above listed values depending on 
the nature of the fabric, the density, type and composition of the applied ink: and lhc speed of the fabric during 

20 processing relative to the UV curing light head. Thus, a higher ink density applied to the fabric will generally 
require more LI V energy, higher oven heating temperature, longer oven heat time or a cumbiiiatinn of these 
variables, to effect the necessary curing on the ptuticvlar fabric With dye-based inks, the temperature should 
be that most effective io set the dye, often over 7>50"F. lor example, at about 383T. 

The i eliabi lily of the printing processes may be enhanced, according to certain aspects of the invention, 

25 by preconditioning the substrate, such as by precotfi ng, sluiving or si llgeillg of the surface to be printed . Such 
preconditioning eliminates dust and lint that could collect on the print heads and potentially contribute to 
clogging of the tirade*. 

The invention further provides an online prinlhuud cleaning station for automatic cleaning of the 
printheads during the course of the printing process. Preferably, periodically during d»e course of the printing 
30 ol' an extended area substrate, the piintliead carriage is traversed to the prindiead cleaning station where ink is 
jetted from the heads to purge the nozzles ami the heads arc wiped of ink and foreign matter that might have 
collected on them. 

The invention further provides for an ink composition which contains, in combination with the UV 
ink or other inks curable by exposure to impiuyiny energy, one or more dyes which are both reactive or have an 
35 affi rtity to some or all of the liber surfaces of the fabric and are compatible with the UV or oilier curable ink. 
The UV inks orcchcr inks (tumble by exposure to impinging energy are comprised of a polyineriaable portion 
and at least one pigment, suspended in the pulymerizahie portion. 

Stabledyecoiiipoiienlscanbeadde<ltijlheotherwisepolymeri!tableinktof<jimasniblecompositiiin 
The composition is digitally printed omo the Substrate, whereupon the dye component is brought into contact 
40 withfibersurfacesinthelabiic to chemically bond. Further, the a mount of heat app t i ed i s thai needed to can sc 
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reaction or form an affinity with those surfaces. Polymerization of 'lie UV or other curable ink component is 
initialed by exposure to :m impinged energy beam, such .is UV, EB orolhcr .such energy beam. This effects at 
least il surface cure of the UV or other wimble ink component, bui generally has little effect on the dye 
component. Then the partially polymerized oi' c j red ink is thereafter subjected to heal to bolh cornpiele 
5 chemical bonding of die dye or finalizing formation of an affinity lo the fiber surface* and reduce die 
tinpolynrerized polymerizable reaclaiils and oilier extraciable components of Ills UV or other curable ink 
component to low levels that nre likely tn he tolerable or otherwise acceptable to persons contacting the fabric. 

Where sacli dye is included in the ink, ihe presence of hear facilitates chemical bonding or affinity formation 
of uurencled dye in contact with fiber surfaces in the fabric. 

10 Where the ink composition incorporates a separate smface of the substrate is a function of at least the 

dye component which is cninbined with llic UV oi other cur.ible ink base, ihe dye pnrtion of such ink 
compositions may be selected from dyes that fire slahle and are compalihle with tlie ink and Ihe substrate, and 
are selected torn ihe group that includes, but is not limited to. disperse dyes, reactive dyes, acid dyes, basic dyes, 
in: .t ,vi'J dyes , naphthol dyes and other dyes which do not requi re a posi-li eatmeul to either set the dye or Co 

15 develop Ilie color, liisperse dyes are widely ased for dyeing most manufactured fibers. Reactive dyes are 
anionic dyes which react with hydroxyl group* in cellulose fibers in Ihe presence nf alkali. Acid dyes arc used 
on wool and Dther animal fibers, as well as certain manufactured libers such as nylon Basic dyes are posirive- 
■Qn-carrjring dyes which have a direel affinity for wool and silk, these dyes may also be used tin basic-dyenble 
acrylics, ilioclacrylics, nylons, and jsolyesters. Naphthol dyes are formed on the fiber by first treating the fiber 

20 with a phenolic compound in caustic solution and then applyinga solution of it dimonlum salt, the salt reacts 
with the phenolic compound to produce it colored azu coiiipuiurd. Generally, these dyes are used for cellulose 
fibers. 

Tu ihe extent that a dye component is included which does not bind chemically tn the fiber surfaces 
or form an affinity, the portion of dye which does not react with the surfaces is encapsulated within the 

25 polymerized UV ink composition to mininiiite miration of ihe dye. This encapsulation effect i-educcs or 
eliminates the need tor post-treinmenl ioi<emove the mobile dye from The fabric. 

Further, the amount of heal needed to cause reaction or form an nffinityof the dye component, when 
included, with ihe fiber surface of I be fabric is a function of ai least the dye component concentration, dye 
chemical com position, fiber composition, and fabric processing speed past or through the heat source. 

30 Generally, the upper limits for the UV or other impinging beam of energy and oven beating temperature are 
those values which, when applied to the specific ink and fabric, begin to damage or otherwise adversely affect 
the applied ink, the underlying fabric or both. 

Tire Lavender* has ihe advantage that, for different inks and using different criteria for the desired 
residual amount of uncu red i nk components remaining on the substrate, the parameters can be varied to inc lease 

35 or reduce the residual amount. By increasing or decreasing the intensity of energy, or using a different form of 
enerify than UV, or by increasing or decreasing the lime of exposure of the ink to tlie energy, the amount ol 
reiimining anpolymerized nan- solvent ink components can be changed, Additionally, using higher or lower 
temperatures, or more or less air flow, or greater or less heating time in die post eurinj oven, can change die 
filial composition of the ink on the substrate. Care, however, should betaken that the energy cu ring or heating 

40 process does- not drainage the fabric or the ink. 
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A further advantage of Hie invention is that a portion of the ink ou in position can be incladed diaL will 
combine with fiber surfaces to provide coloration which is chemically bonded or has an affinity to those 
surfaces, Color or wash fastness due tu chemical reaction or affinity Formation of the dye to fiber surfaces over 
lit least a portion of die primed fabric is accomplished while maintaining Lite advantage of mechanical bonding 
5 of lhe UV ink component onto other portions of the l iber. 

The invention makes it possible to print images on fabric with UV curable ink by providing effective 
cluing of the ink, leaving less than □ nominal 1.S grams of uilcurcd monomers per square meter of printed 
m;Uerial and usually leaving only about 0 I S grains per square meter of uncured monomers. Thus, the invention 
provides the benefits of using UV tumble ink over water and solvent based inks, including the advantages of 

10 high color saturation poteitiial, low pntentiul sensitivity or toxicity, and without cluggiug the jet nozzles and 
enabling the use of piezo ur oilier high longevity print heads. Fuilhcrmcire. the encapsulation effect provided 
by the cured UV ink sutntumiially or completely [inevents migration of non-binding dye. if included, onto tuner 
sections of Lhe fabric, or onto oilier fabrics as in the erne of washing Iho piinted fabric with other items. 
Furthermore, the ability to print on wide width fabrics with polyincrizable inks, which do not form chemical 

15 bonds with the subsirates, and therefore ore not material dependent, provides an advantage, particularly with 
fabrics such as mattress covers and other furniture and budding products. 

The invention also makes possible the digital printing of sharp, clear images with dye-based inks, on 
surfaces where the spreading of the dots has heretofore occurred. 

Ill accordance with ether principles of the invention, ink dun passes through a porous ot open weave 

20 substrate is collected and ret) Hived without contaminating the substrate. Where a substrate, for eianiple, is a 
textile sheet or is in the form of a continuous roll-tn-ioll web thai is fed through a printing station at. a carriage 
carries an ink jet priivhcad aiTay across the substrate and jets ink onto the substrate. Where the substrate is 
porous or nf an open weave, ink passes through the substrate, fior such a substrate, a layer of protective film, 
preferably of the lypc to which the ink does not strongly adhere, underlies the substrate. A sheet of TEFLON 

25 or other non-stick materia], may, for example, be used to cover a tahle on which the substrate is supported. 
Preferably, the substrate is maintained in tension or otherwise supported out of contact with an underlying 
surface, and a surface of a table in the region under the prfnlhead is provided widi the layer ol protective film. 
Ink deposited onto the film may Ire pimiully cured, particularly where il is UV curable ink and LTV light thai is 
provided to cure ink on the substrate also partially impinges on the protective film. Where the substrate contacts 

3D the underlying surface, lhe film is pielernbly such that the adhesion between the jetted and partially cured ink 
and the layer of protective film is only great enough to prevent lhe ink from being wiped from its surface by the 
substrate. In any event, this adhesion is preferably such that ink can be easily removed by wiping or washing 
from the protective film layer. 

The collection of Ink that is jetted from a printhead through a porous substrate is useful for all types 

35 of jelled ink. but particularly where inc. ink isUV curable ink In such a case, a primary UV light curing source 
exposes die ink that has heeii jetted onto lhe substrate Preferably, die curing light is mounted on or near the 
carriage to cure the ink immediately after it readies the substrate so that thu dols of ink are frozen before: they 
have a chance to flow initi the substrate or spread. As some ink passes through holes in the substrate and 
deposits onto the underlying release layer, UV lighr from the primary source exposes the ink on the layer may 

40 bedirecled lu at least parliallycure lhe ink deposited onto tire protective film. In rhisc-ase, the source preferably 
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emics essentially parallel UV light ur light having u focal length sufficiently long that the light penetrates the 
substrate at the holes and cures ink on che underlying liyer. Another UV curing sowee may alternatively be 
provided or provided in addition to tlie U V source l>i> the pi i rnary source for curiti g i nit on the release layer. The 
layer may be fixed so thai lite substrate moves parallel to it or rnay be in cite foim of a belt that moves with the 
5 substrate. The ink rm the release layer, which is ai least partial ly cured, may be wiped or vacuumed from the 
layer. 

These and other objects of lite present invention will be more readily apparent from the follnwing 
detailed description of the jirefeiTed embodiments of the invention. 
Brief Description of the Drawijin 
1 0 Pig. 1 is a diag] amniatic perspective view of a one embodiment of a web-fed mattress cover printing 

and quilling machine emhodying principles ol ihu present invention. 

Pig. 2 is a perspective view of an ink jer. printing machine embodying principles of the present 
invention. 

Fig. 3 is cross-sectional view ol : the printing machine of Fig. 2. 
1 5 Fiji. 4 Is a perspective view of a portion of the machine of Figs. 2 and 3. 

Fig. 3 is a top view oi the portion of the machine illustrated in Fig. 4. 
Fig. 5A is a perspective view of a portion of Fig. 5. 

Figs. 6 and 6 A -AD are prints of display screens of lite operator terminal and information bridge of the 
machine of Fig. 1. 

20 Figs. 7A-7C are diagrams illustrating alternative embodiments of I he feature of the iiivcntioiiby which 

ink jetted through a porous substrate is accommodated. 
Detailed Descrinliou of the Preferred Embodiment 

Fig. I illastrales a quilting machine 10 having a stationary frame II with a longitudinal extent 
represented by an arrow 12 and a truusveise extent represented by an arrow 13. The machine 10 has a front 

25 end 14 into which is advanced a web IS of ticking or facing material from a supply vol I 16 rotat ably mounted 
lo the frame II. A roll of backing material 1 7 and oneor more rolls of filler material 18 are also supplied in web 
form on rolls also rmaaiMy mounted to the frame 1 1. The webs arc directed around a plurality of rollers (not 
.shown) onto a conveyor ur conveyor system 20, each at various points along the conveyor 20. The conveyor 
system 20 preferably includes a pair of opposed pin tenteringbeltsets21 which extend through die machine 10 

30 and onto which che outer layer IS is led at the front end 14of the machine 10. The hell sets 21 retain the web 15 
ina precisely known longitudinal position thereon as the belt sets 21 carry rlie web 15 through the longitudinal 
extent of the machine 10. preferably with an accuracy nf 0 to 1/4 inch. The longitudinal movement of the 
belts 2 I is controlled hy a conveyor drive 22. The conveyor 20 may lake alternative forms including, but not 
limited to, opposed cog bell side seen remen is. longitudinally moveable positive side clamps that engage and 

35 tension the material of the web 15 or oilier securing structure lor holding the facing material well 15 fixed 
relative ici the conveyor 20. 

Along the conveyor 20 are provided threes rations, including an inkjel printing staliun 25, a UV light 
curing station 24, a heated drying station 26, a quilting station 27 and a panel cutting station 2B. Tie backing 
material 1 7 and filler material 1 S are brought into contact with the top layer 15 between the drying station 26 

40 and the quilting station 27 lo form a mulli- layered material 29 furquilting at the quilting station 27. Preferably, 
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rhe layers J 7, IS ore noi engaged by the he I c sec* 2 I of ihecDnveynr20. but rather, Eire brought into contact with 
the bottom of the web 1 5 upstream of the qui liing station 27 to extend beneath the web 15 through the quilting 
station 27 and between a pair of pinch rollers 44 at the downstream end of the quilting station 27. The rollers 44 
operate in synchronism with the belrsets21 and pull llic *eb« 17. IS through the machine LO with die web 15. 
5 The printing station 15 includes mie or more ink jet prill lint! heads 30 tliiil are transversely moveable 

across the frame 1 1 and may also be longitudinally moveable on the frame ( 1 under tilt power of a transverse 
drive 3 I and an optional longitudinal drive 32- Alternatively, the head 30 may extend across the width nf the 
web 15 and he configured to print an entile transverse line of points simultaneously onto the web 15. 

The ink jet priming head 30 is configured to jet UV ink at 75 picoliters, or approximately 80 

1 0 nanograms, per drop, and to do so tor each of lour colors according to .1 CMYK color pal lette. Preferably, the 
priming head 30 does not undergo it healing siep durilltj operation. A mechanical or electro-mechanical print 
head such as a piezopiiin head is preferred. The dots arc preferably dispensed ai a resolution of about I SO dots 
pet inch by about 256 dnis per inch- The resolution may be higher or lower els desired, hut the 180x256 
resolution is preferred. If desirable for finer images or greater color saturation, 300x300 dots per inch is 

15 preferable. The drop!) of the different colon can he side-by-side or dot-on-<lot. Dut-on-dot (sometimes referred 
lu as drop-ou-drop) produces higher density. 

The print head 30 is provided with controls thai allow for the selective operation of the head 30 to 
selectively prinr two-dimensional designs 34 of one or more colors onto the top layer web 15. The drive 22 for 
the conveyor 20, the drives 31,32 tor the print head 30 and the operation of Lbs prim head 30 arc program 

20 controlled In print patterns al known locations on the web 15 by a controller 35, which includes a memory 36 
for storing programmed patterns, machine control programs and real time data regarding the nature and 
longitudinal and transverse locution of printed designs on the web 15 and ihe relative longitudinal positron of 
the web 15 in die machine 10. 

The UV caring staiion 24 includes a UV light curing heed 23 that may move wilh Ihe print head 30 

25 or, as is illustrated, move independently of the prill! head 30. Tile UV liglit curing head 23 is configured In 
sharply focus :i narrow longitudinally exiending beam of UV light onto (he printed surface of the fabric. The 
head 23 i* provided witii a transverse drive 19 which is controlled to transversely scan the printed surface of die 
fabric to move the light beam across the fabric. I'lefeubly. the head 23 is intelligently controlled by die 
controller.^? to selectively operate and tiuickly move across areas havingno printing and to scanonly the printed 

30 images with UV light at a rate sufficiently slow to UV cure the ink. thereby avoiding wasting lime and UV 
energy scanning uuprinted areas, 11 the head 23 is included in Bit printing station 25 and is coupled to move 
wilh ihc prim head 30, UV curing light can be used in synchronism with tile dispensing of the ink immediately 
following the dispensing uf the ink. 

The LTV curing station 24. in the illustrated embodiment, is located immediately downstream of ihe 

35 printing staiion 25 so that the fabric, immediately following printing, is subjected to a UV light cure In theory, 
one photon ol'UV light is required to cure one free radical of ink monomer so as to set the ink. In practice, one 
jotde of UV light energy is supplied by the UV curing head 23 per square centimeter of printed surface area 
This is achieved by sweeping a UV beam across lite primed area of the fabric at a power of 300 wans per linear 
inch of beam width and caponing the surface for a lime sufficient to deliver die energy at the desired density. 

40 Alternatively, if fabric thickness and opacity ate nul loo high, curing light can be projected from both sides of 
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the fabric to enhance the curing of the UV ink Using power much higher can result in the burning cir even 
combustion of the fabric, sc LTV power has nn upper practical limit. 

The heat curing or drying station 2G is fixed to tlie frame 1 1. preferably immediately downstream of 
che UV light curing station. Wit]] sufficient UV cure to stabilize die ink such that the printed image is 
substantially resistant to further wicking, The ink will be sufficiently color-fast so as to permit the drying brat inn 
to be off-line, or downstream of the quilting station 27. In embodiments in which a dye component is included 
in the ink composition, llie dye will have either reacted or Funned tin affinity with certain fiber surfaces, or will 
have become substantial [y or completely encapsulated within the cured UV in component, When on-line, the 
drying station should extend sufficiently along lilt length of fabric to adequately cure the printed ink at the rate 
thai like fabric is. printed. Heat ctire ai tlie oven nr drying station 26 maintains rbe temperature of the ink on the 
fabric at about 300 'l ; for up In three minutes. Healing (if from 30 seconds to 3 minutes is the anticipated 
acceptable range. Heating by forced lint air is preferred, although other heat sources, such as infrared heaters, 
can be used as long as dtey adequately penetrate the fabric to the depili of tlie ink. 

The exact percentage of tolerable unciiretl monomers varies hunt ink lo ink and product to product. 
Generally, it is thought that uticured monomers of UV curable ink should be reduced to below aboul 0.1 %, or 
1000 PPM. In the preferred embodiment of ihe invention, uncured monomers of UV curable ink are reduced 
[0 less than 100 PPM, and preferably to about I0PPM. As explained above, each 1 PPM is equivalent to a bout 
15.5 milligrams cxtrac tables per square meter of printed material. As used herein, the percentage or portion of 
remaining uncured monomers re ferric ihe mass nfexrracrable material mat can be removed from a given sample 
of cured ink by immersing the cured ink sample in nn aggressive solvent such as rolnenc, and measuring the 
a mount of material in the solvent that is removed from the ink by ihe solvent Tl>r measurements are made with 
a jtaschromaiograph with a mass detector. In the preferred embodiment of the invention, the measured amount 
of material removed from a given sample of the ink is less than 1 .5 gi-.ims ex tradables per square meter of 
printed material. Measurements of higher than 100 PPM or 1.5 grams ex tradables per square merer of printed 
material are undesirable. Meusiireiiieiili of 10 PPM are preferred. 

In cei-rain embodiments, an ink composition comprising a UV ink component and a dye component 
are formulated in a manner which noMcrateiBitOnipatible, sl»elr'-s table composition. The relative concentration 
ranges of UV ink component in dye component in such compositions will vary with the nature of the fabric 
being primed, and the respective physical characteristics of the UV ink and dye components. Non-limiting 
physical characteristics of the UV ink and dye which are evaluated in connection with enhancing compatibility 
of the UV ink component with the dye component include polarity, viscosity, and pH. The dye and UV ink 
would be selected sothat tin reaction occurs or can be expected to occur between these ink components or with 
any other incorporated additive under the conditions expected during storage and printing operation. 

The heating the dye-based cured ink may or may not be carried out to reduce the uncured level of 
uncured monomers of the curable component on the substrate. With the dye-based formulation, the heating step 
of the process causes the dye to set. With sublimation dyes, for example, hem causes dye particles, to sublime 
into the substrate such as, for example, into polyester fabric fibers. The heating process causes dyeing by the 
dispersion process, particularly with asuhc lass of suehdispcrsion dyes known as sublimation dyes, where hear 
causes the dye panicles to change state from solid to giis directly. The heat opens |jorcs in the polyester fiber 
allowing the gas lo enter li also is believed locausethe pairiclesof dye to enter u molecular form which is more 
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fiighly reflective and capable or' producing more brilliant color un tine substrate. Once the material cools, the 

dye particles are trapped internally in the polyester fiber, possibly reverting back lo their solid stare or at least 

being fixed in the solid substrate fibers. Some of the dispersed dye may also be entrapped in pores in the matrix 

of the cured UV or other curable medium. 
5 The matrix maybe a polymerizable ink formulation or the clear polymerizable ink base with the dye 

suspended or otherw isc contained thcrri n. For exump If, the LTV in k can he a clear LI V ink or ink base lhat only 

contains dye particles. II may also, hut need not contain an ink pigment. .Effectively, using the clear base would 

resit It in ill] of the co 'oration being derived from the sublimation or other dispersion of die dye particles in die 

ink in ro the polyester fibers ot' the stills Irate, and from the potential dyeing of the clear UV polymer itself by die 
10 dye particles. This has several advantages over other ink jet dye processes. Firstly, spot curing with UV light 

freezes the UV ink drop immediately alter in hits the substrate surface, Once diis ink drop is heated, the dye 

sublimes at die exact point where it was frozen. This eliminates the "drop spread" associated with water based 

and other prior dye based Ink jelling processes. With these other processes, the dye carrier, usually water, must 

be. driven out from the substrate, or the dye nrasl he heated t<> sublime, in order to limit ihe drop spread via 
15 wiekiny. This is extremely difficult to accomplish in a limelyfashion relative to the pohu in time wlreu the ink 

drop is jetted- Ulli mutely, controlling die drop spread results in clearer images wiUi considerably higher levels 

of color saturation and "true" color gamut representation. 

3y using a clear UV base ink devoid of pigments, the resulting "hand" ol" the fabric is softer than 

ordinary UV based pigment ink systems. Tins is due to the fact that the coloration of dte substrate, where a 
20 fabric of polyester or cotton/polyester mix, is accomplished via the sublimation of the dye particles. As a result, 

the fabric fibers arc believed 10 be colored on a inolecwhir level. With ordinary pigment systems, the pigment 

particle would remain in soli J form, encapsulated within the UV matrix. Since these panicles arc very hard by 

nature, the result is a significantly suffer fabric hand. Tlie use of a UV clear base with only dye particles 

eliminates this hard hand. 

25 lite color retention alter repeated washing ol the clear UV + dye is extremely high. This is due to the 

fact lhat dyed fibers are the excellent at retain ing their color fastness alter repeated washings. The only effect 

the washings have upon the fabric is to wash away some kjvel of the UV acrylate. Although 11 small percentage 

of the colored acryl ate is lost during the wash process, the majority of dyed polyester fibers remain unaffected. 

At the same tirne. ihe hand of the material improves as the acrylate is washed away. 
30 The use of UV based pigment inks that arc also loaded with dye particles has several benefits, This 

type of ink system allows us to be unconcerned as to substrate composition. This is possible since the pigment 

based U V ink is- substrate indifferent. At ihesaine time, if the subs irate contains a polyester or polymer, the dye 

portion of this ink will dye it during the lieaiing/stibliinulioii or other dispersion process. It" the substrate is 

devoid of dyeable components, then the dye particles will color the UV polymer during the heating process 
35 This combined dye + pigineni mairix can afford the user the benefits of a substrate independent ink while 

offering the additional benefits of color fastness oa washable materials containing polyester fibers or polymers. 

At the same time, this pigment + dye UV ink system retains all of* the ad vantages discussed above. 

Widi the dye-based inks, the heal sets the dye, which applies to many dyes and many substrates. UV 

ink can be only the ink base, withonta pigment. Sublimation of dispersed dye is die mechanism applicable lo 
40 polyester, but the concept is not limited to sublimation or to polyester. For polyester dyeing can occur by healing 
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the dispersed dye wit bout getting to sublimation, but in practice, the majority of die dyeing involves sublimation. 
Sublimation was at one lime thought to be something to be avoided. Dispersed dye can be used on polyester 
mix It is thought thai a LIV ink msiTri jt with reactive dye nun he used for cotton. There are other dye groups. 
Most dye groups will work using a UV or other polymerizable matrix. Dyes that must be car ried in solution are 
5 believed tr> work less effectively, as is the case with acid dyes, such as mordant dyes. Direct 01 substantive dyes 
are expected to work with this process more effectively. For reactive dyes and dyes that requite water solution, 
water matrix UV can be used, and steam setting can be used to set such dyes. 

In addition to heat, other mechanisms can be used For selling the dye, which can be determined frum 
those mechanisms commonly used with particular dyes and substrate combinations. However, the major and 
10 most important commercial use expected in the near future will involve heat curing of UV carried dye on 
polyester. 

Tteferriug further to fig. 1, the quilting station 27 is located downstream of theoven26 in the preferred 
emburJiincnt. Preferably, a single needle quilling station such as is described in U S- Patent Application Serial 
No. 08/831,060 to Jeff KaellerlKitry, et al. :utd entitled Web-fed Chain-slilcli Single-needle Mattress Cover 

15 Quilter with Needle Deflection Compensation, which is expressly incorporated by reference herein, iinw U.S. 
Patent No. 5 ,832,849. Other suitable single needle type quilting machines with whicli the present invention may 
be used are disclosed in U.S. Patent Applications Serial Nos. OS/497,727 and 08/687,32]. both en titled Quilling 
Method and Apparatus, expressly incorporated by reference herein, now U.S. Patents Nos. 5,640,916 and 
5.685.250. respectively. The quilling station 27 may also include a inulti-needlc quitting structure such as that 

20 disclosed in U.S. Patent No. 5,134.130. also expressly i ncoiporaietj by reference herein. In the figure, a single 
needle quilting head 38 is illustrated which is transversely moveable on a carriage 39 which is lonjmudi rally 
moveable on the frame 1 1 so that the head 38 can stitch 360" patterns on the multi-layered material 29. 

The compiler 35 controls che relative position of the head 38 relative to the multi-layered material 29, 
which is maintained at a precisely known position by the operation of die drive 22 and conveyor 20 by the 

25 controller 35 and through the storage of positioning information in the memory 36 of lire controller 35. In the 
quilling station 27, the quilting head 3S quills a stitched pattern in registration with die printed pattern 34 to 
produce a combined or composite printed and quilted pattern 40 on the nut I ti -layered well 29. This may be 
achieved, an in the illustrated embodiment by holding the assembled web 29 stationary in the quilting station 
27 while the head 38 moves, on the frame 1 1, both transversely under the power of a transverse linear servo 

30 drive 41, and longitudinally under the power or" a longitudinal servo drive 42, to stitch the 360" pattern by 
driving the servos 41,42 in relation lo die kaiosvn position of rl>e pattern 34 by the controller 35 based on 
information in its memory 36 Alternatively, the needles of a siugleor mulli-needle quilting head mayl>e moved 
relative to the web 29 by moving the quilting bead 38 only transversely relative ro the frame I I while moving 
the web 29 longitudinally relative to die quilting station 27, under the power of con vcyur drive 22, which tan 

35 be made to reversibly operate the conveyor 20 under the control of the controller 35. 

lit certain applications, the order of [he priming and quilting slalions 25,27. respectively, can be 
reversed, with the printing station 25 located downslreain off the quilling station 27, for example the station 50 
as illustrated by pliontom lines in die figure. When at rite station 50, the printing is registered wilh the quilting 
previously applied at the quilting station 27- In such an arrangement,! he function of the curing station 26 wou Id 
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also be relocated loa point downstream of both (lie quilting station 27 an J printing station 50 or be included in 
the printing station 5C, a* ill us traced. 

The cutoff station 28 is located downstream of lite dowusu-eam end of the conveyor 20. The cutoff 
station 28 is also controlled by the controller 35 In synchronism with thetniilting station 27 and the conveyor 20. 
5 and it may be controlled in a manner that will compensate for shrinkage of the mulii- layered material web 29 
during quilting at the quilting station I7.orin such other manner as described and illustrated, in U.S. Patent No 
S.544,599 entitled Pn.mrani Controlled Quilter and Panel Caller System wilh Automatic Shrinkage 
Compensation, hereby expressly incor|joralecl by reference heiein. Information regarding die shrinkage of the 
fahric dn ring quilting, which is due lo (lie salheri iig of material thai results wlien thick, filled irm Iti -layer material 

10 is quilted, can be laken in in account by die controller 35 when quilting in registration with die printed pattern 34. 
The panel cutter 28 separates individual printed and quilted panels 45 from the web IS, each hearing a 
composite printed and i]iiilted pattern 40. The em panels 45 are removed from the output end of die machine 
by an outfeed conveyor 46, which also operates under the control of the controller 35 

Piezo print heads useful for litis process are made by Spectra Df New Hampshire. LfV curing heads 

1 5 useful for this process are made by Fusion U V Systems, Int., Gaithei sburg, Maryland 

An alternative embodiment of Ihe invention is the ink jet printing machine 600 illustrated in Fig. 2. 
The machine 600 is a roll-io-roll ink jet priming machine lhal is particularly confirmed for printing onto wide 
textile webs. Such machines are particularly useful For [Hi Ming a facing layer of material which may then be 
transferred to a quilting machine on a separate quilling line orto feed material downstream to a quilling station 

20 as in the embodiment illustrated hi 1'ig. I. described above. The machine 600 is also particularly suited to print 
on textiles that are not necessarily lo he used in a quilted product, such as for signs, buiiiiei"5, apparel and other 
products . 

The printing machine 600 has a sltlliouary housing 601 with a longitudinal extern represented by 
arrow 602 and a transverse extent represented by arrow 603. The machine 600 has a front end 604 from which 
25 is advanced a. substrate web of textile material 605 downstream in lite longitudinal direction. The material may 
be a grctgc goods textile materia] or some other material on which printing is desired. Where the material is a 
textile, it can have been preconditioned by pvecoatiug, shaving or singeing of the surf nee to be printed lo 
eli in i nate du s i a nd li it l th ai eon Id cn Meet nil die pi 

Failure lo remove the fuzj tan cause the fuzz or dust 10 be sucked into the nozzle orifices as die How reveries 

30 between doi ejectioiiB, which could clog the mizzles. 

An operator station 606 is provided at the right side or the front end of the housing 601 loving a push 
button control panel 607 and a touch screen and display 606. The housing 601 includes a base assembly 609 
which supports die machine 600 and encloses the supply of sublime material as described in connection with 
Fig. J below. Across the top of die housing 601 transversely :uul supported on the hase 609 extends an 

35 information bridge 610. The information bridge 610 has four display screens 61 1-614 facing the front 604 of 
(he machine 600. From the control panel 606 an operator can select die information to be displayed on each of 
ihe screens 61 1-6 14. Such information can include status data, machine parameter settings, scheduling, batch 
and product information, pattern d:ua, machine status and alarm conditions, or other information useful in 
operating the machine. One or more of die screens 611-614 cm also be set to display video images of the 
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printing area or the substrate downstream of the printing station from information captured by viclea cameras 
(not shown) mounted on the machine 000. 

The base (509 of the housing 601 1ms a conveyor table 613 on the top thereof on die upwardly racing 
horizontal surface of which is supported ;t length of the substrate web 605 for printing, as illustrated in Figs- 3 
5 and 4. Hie conveyor uible 613 has a conveyor belt 616 that extends transversely across the width of the table 
6 15 on transversely extending rollers 617 and 61 R that are respectively rota til My mounted at the front and back 
of the base 609 of the homing 60 1 . The hell 616 ex rends across tlie width of the (tame 60 1 and rests on a 
smooth stainless steel vara run table 620, which has therein an array of upwardly facing vacuum holes 62 1 which 
communicate with the underside of the beh 616. The bell 6] 6 has a high friction rubber-like polymeric surface 

10 622 ro help pruvesn u horizontal sliding uf the substrate 605 and through which an array of holes 623 is provided 
Lo facilitate communication of the vaenum from the vacuairi table 620 no the substrate 605. The belt 616 is 
inelastic and has on open wenve backing 107 which provides dimensional stability to the bell 6 16 while allowing 
the vacuum lo be communicated between the holes 62 I of the vacunm table 620 and the holes 623 in the surface 
622 of the belt 616. The forward motion of the substrate 605 relative to the on the housing 601 is precisely 

1 5 controllable by indexing of the belt 616 by control of a I3C brushless servo drive motor 624 (Fig. 3) fur the 
rollers 617,618 with signals from a controller 625 behind the operator panel 606 on the housing 601 The 
indexing of the belt 616 is controllable to an accuracy of aboutO.0005 inches to move the substrate web 605 
relative to the housing 601. 

Fixed to the base 609 of Ihc housing SOI and extending transversely thereof is a printing bridge 630. 

20 above the conveyor table 615 and below the information bridge 6 L0. The printing bridge 630 supports a pri in 
head carriage 63 I tor transverse movement above wid parallel to the snbslraLe 605 supported on the conveyor 
table 615. as illustrated in more derail in l r igs. J and 4. The bridge 630 has a pair of rails 632 on the front side 
thereof on which tlie carriage 631 is adapted to inuvc. A linear servo motor 633 has a stater bar 633a containing 
a linear array of permanent magnets mounted across the front lace of the prmtinu bridge 630 and an armature 

25 633h fixed loilie carriage 63 1 and electrically connected through a wire cage chain 634 on [he bridge 630 to lire 
ckiiitirjller 625. An encoder 636 also extends across the tinm of die bridge 630 and provides feedback, 
uifrmreidon to the control lei 625 as lo the posirion of the carriage 63 1 on the bridge 630. Linear motors such 
ns the servo motor 633 are prefenrd because ihey are easier lo tune, require little service, and have better 
acceleration and deceleration than bell m other drive syslems. Because of their accuracy, printing can be carried 

30 out while the heads 640,641 are ;iceeleraring or decelerating, with programmed compensation in the timing of 
the jetting of rhc ink being made by tlie controller 625. This improves the speed and efficiency of the print 
operation by allowing the print beads 640,641 to useaccelerahou and deceleration time and foskipat highspeed 
across areas of die substrate 605 dial will have no printing and to areas at which ink is to be deposited, thereby 
minimizing the time during which die print head is nordepositinginlton the substrate. Accordingly, linear servo 

35 motors to transversely move the carriage 631 thai carries die print heads 640,64 1 across the bridge 630 are 
preferred for the machine 600. 

Hie print head carnage 631 has fixed at the bottom thereof two sets 640.641. each having four ink jet 
print he^uJs 640a-cl,64la-d. The pnnt lieads of each set arc arranged in a transverse row so that Ihey prim 
successively along a transverse strip across tlie substrate 605 as the print head carriage 63 1 moves transversely 

40 across the bridge 630 lo respectively apply the four colors nf a CMYK color set, Tlie ink jet printing heads 
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64Du-d,64l a-d each include a linear atrjj of two hundred fifty-six (S.vS) ink jet nozdes thai extend in the 
loiJEimdinui direction relative to the Frame 601 acid ill :■ line perpendicular to the direction of travel of the 
carriage 63 1 on die bridge 630. The nozzles nf each of lire heads 640,641 arc configured and controlled to 
simultaneously hut selectively jet UV ink of one of the CivTYK colors, and can print a strip of 256 pixels side 
5 by sirle across the substrate 605 at 15,000 dots per second. The spacing of the nozzles is. in the embodiment 
herein described, 90 jets per linear inch, so thai ihe prim heads are eacli slightly less than three indies wide. One 
pass of the print heads prints, for example, prints a transver se strip about 2.S5 inches wide of ninety rows of 
pixels. Wi th the twn sets of head s 640 and 64 1 , the s H i p i s abou r 5 . 7 ii l ches wide. By in dex in g The web I ' 1 SOth 
of an inch and printing with another pass of the cat Huge 631, which can be in the opposite direction, a 

10 longitudinal resolution of 180 dots per inch (dpi) can be achieved, as illnsn-.LteJ in Pig. S. Widi four passes of 
the print heads, indexing between the scans l/3G0th inch, □ longitudinal dot resolution of 360 dpi can be 
achieved, Schemes to reduce artifacts and achieve d i Ffcrcn i levehi ul priming quality involve activating hall' or 
one-third of the jets and scanning two or three times, indexing as required, Transverse resolution is setrahle :ii 
any resolution up to approximately 720 dpi by controlling tire resolution and timing of the information sent by 

IS the controller 625 to the print heads A transverse dot resolution is preferably maintained close to the 
Longitudinal resolution being used. 

Ink is supplied to each of the print heads 640a-d,64 1 a-d by a respective one of a set of eight ink 
supplies [lint shown) in the left side of the base 609 of the housing SOI, which are connected to the respective 
heads through tubes carried by the wire cage 634. Each ol the ink supplies includes a collapsible plastic bag 

20 and a peristaltic pump to supply UV ink to one of the ink jet print heads 640a-d,641 a-d. tacit collapsible supply 
baa is coupled to one of the peristaltic pumps via a tube that may include a quick disconnect The peristaltic 
pump ill lum supplies ink through atubc to a respective one of the ink jcr print hauls. An optional intervening 
reservoir may he provided in each tube between the pump and the print head to allow intermittent operation of 
the peristaltic pump or to handle intermittent demands exceeding pump output. 

25 In the preferred and illustrated embodiment-, the ink is ultraviolet light polynieiizable ink composed 

essentia lly of polytnerizable n lonomees which arc stable unless and until exposed to a sufficient level of UV light 
to initiate a polymerizing reaction UV littht is provided by a pai r of U V curing beads 645,646 mounted on each 
side of the carriage 63 1 lo expose the ink immediately alter it is deposited onto the substrate 605 by ihe print 
heads 640,64 1. The UV light heads 645,646 operate alternatively, with the head on the side of the carriage ihtn 

30 tiailsthe print Iicads640,64l being activated to freeze the dots of ink within approximately 0,05 to 0.20 seconds 
after being deposited as lite carriage 631 moves transversely on the bridjie at approximately forty inches per 
second. The location of the heads 645,646 has the advantage ul curing any atomized UV ink that might be 
produced by the nozzles of the print heads, thereby turning the liquid monomers into a dust that is less likely 
to be harmful. An optional additional UV light curing head 647 may be provided on a separate carriage 648 (as 

35 shown in phantom in Fig- 3) to move aensss the hack of the bridge 630 independently of die movement of the 
pritit head carriage 63 1 to moie thoroughly cure the ink by scanning the substrate 605 downstream of the print 
heads 640,641 

The supply of the substi ate material 605 is loaded on a in 1 1 650 onto a sliding earner 651 that slides 
out of the base 609 of the housing 601 for loading and returns to ihe position shown in Fig. 3 for operation of 
40 the machine 600. The webof the ninteriul 505 extends from the roll 650 around an idler roller 652, around ihe 
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bottum of a vertically moveable accumulator roller 653 and over the conveyor belt 616 on the lop ol die 
conveyor bible 6 15. The accumulator roller 653 is weighted and supported by the web of material 605 so as tu 
apply 9 uniform tension on the web of lllillerial 605 Tlic ends of (he shaft of the roller 653 ride in vertical h acks 
configured lo keep the railer level. Limit switches or other detectors (not shown) sense upper and lower 
5 positions of the accumulator roller 653 so that rive amount of material advancing from the supply roll 650 can 
be controlled. Al Ills rear or downstream end of the conveyor rable<5!5, a pinch roller G19is provided to clamp 
the web 605 against Lhe bell 616 as il passes around die roller 618. 

Below the nip ol roll bits 6 18 and 6 1 9 is provided a healer 660. The web of material 605 enters the 
hearer 660, which heats the substrate 605 to reduce die content of uncured monomers of IheUV ink in the same 

10 manner us die heating station 26described above in connection with the em bed i mem 10 of Fig. 1. Rather than 
using healed air, as in Hie case of heating station 26. the heater 660 contacts the substrate 605 with one or more 
healed platens, which ujuiekly bring the substrate to a temperature of 360'F within approximately one to two 
seconds. The heating station or heater 660 has a path therethrough or from about thirty inches m abuul forty 
inches for the web 605. The beater 6611 includes an initial heated seamless steel bullnosc platen 661 is positioned 

1 S lo contact the under surface of the mitten a I 605 opposite die side on which the ink from the pri nt heads 640,64 1 
has been deposited. The hullnose pluien 661 brings lhe substrate 605 tn a desired Icmperatu re of 300-380" in 
one to two seconds, where hot air rakes from 30 seconds lo 3 minutes The web 605 passes over j second 
bulli lose platen 662 downstream of die first platen 661 .which contacts the ink bearing side of the substrate 605. 
insuring ihiit the lempurjture trf the substrate 605, and particularly the ink, is sit the desired temperature 

20 throughout the thickness ul the material 605. Once brought 10 temperature, the substrate 605 is maintained at 
the desired leinperarure by a series of additional plains 663.664 In heu of the additional plates, other ways of 
maintaining lhe desired temperature tor another thirty seconds mote or less, such as with heated air or radiant 
heaters, would be adequate. An exhaust system (not shown) connects to the heater 660 to exhaust and dispose 
of any vapors thai may contain monomers of the ink. Such exhaust may be connected to an electrostatic carbon 

25 filter antl tits air therefrom returned to the environment. 

Ai the outlet of lhe healer 660.1 series of tollers 666 take up and mil the printed material web 605. 
The series of tollers 666 includes another accumulator roller 667 which maintains, tension on the web 605 
downstream of the nip of die rollers 618,619. 

As illustrated in Fig. 5, al the right sideol lhe path of lhe print head ciuriaje 631 is provided a head 

30 cleaning station 670. Periodically in the course of the printing of a web of material 605, lot example, after the 
printing of some length of web, twenty melers for example, or whenever an operator decennines lhai the heads 
need tu be cleaned, the carriage 631 is traversed to the right side of the bridge 630 over the clearing station 670 
The cleaning station 670 is provided with a pan 671 lot collecting ink. When ihe heads arc moved tn the 
cleaning station 670. they pass over a sloi 672 in a wiper hlode mounting block 673 and ink is jetted from the 

35 heads into ihe pail 671 lo clear the heads. The cleaning station 670 is also provided with an array of 
lonsitudiiudlyexlcnding upwardly projecting polyureihane wiperhlades 675 thatate mounted lo the bkick673. 
The carriage 63 1 is operated to move on the bridge 630 to wipe the heads 640,6* I btick and forth over the wiper 
blades 675 10 wipe lhe bottom faces thereof which house the nozzles free of excess ink or dust. The blades are 
made of a polymeric material such it polyui ethane and held to the block 673 io slotted blade holder members 

40 677 fixed to the top of the block 673. Sluts 676 are provided in the block 673 so that ink wiped from the heads 
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hy the Made* 675 drains into tljc collecthis pan 67 1. Once the heads are cleaned, the carnage resumes the 
scanning and printing of the web 605. Such head cleaning is programmed to occur automatically, periodically 
din ing (he printing process, when tin automatic he;id cleaning option is selected by the operator. 

Operation of the machine 600 is carried hut nl the control panel 606 described above. Fill. 6 iilusjruies 
5 tile main control window 680 displayed on the screen 608 of the panel 606. Hre window 680 inckides a 
function key 681 and sat of bullous 682 for assigning functions to the hard buttons 607 on die ptuiel 606, such 
as manually advancing the web 605. moving the stide 65 1 to loadn i-oll650and Facilituti ng other such operator 
procedures, and for selecting the information to be displayed on the screens 61 1-614 on the infonnation bridge 
610, The operator can manually choose a selected pattern, which is displayed in window 663, by pressing the 

10 button 684. to open the pattern select window 6S4u. which displays icons G83a of the available patterns, as 
illustrated in Fig. 6A. The operator can also set up printer parameters by piessing the burton 685 on window 
6S0, which 0|iens the printer setup window 685 a illustrated in Fig.6B The operator can further configure die 
printer by pressing the button 686 on window 680, which opens the printer configuration window, various pages 
686n,6S6b of which are illustrated in Figs. SC and 61). Input, printed output and other communication 

15 functions can becommlled by piessing ihe button 687 while diagnostic information can be displayed by pressing 
tile bulton 688. Speed and timing information is displayed in boxes 689 while hatch and jub status data, such 
as hems and quantities completed olid job (product or customer) identification data is displayed in boxes 690. 
The machine 600 is configured to function in accordance widi ihe batch control and automatic scheduling 
processes described in U.S. Patent No. 6.105,329. by fumes T. Frazer. Von Hall. Jr. and M. Burl White entitled 

20 Quilt Making Automatic Scheduling System and Method, hereby expressly incorporated by reference herein. 

Fig. 7A shows a priming apparatus 700 through which a web nr other substrate 711 of woven or 
knitted polyester textile material is being led fur priming. The apparatus 700 includes a support table 702 over 
which the web 7 1 L is fed. A fixed bridge 71? extends transversely across Ihe path of the web 7 1 I over the table 
702. A printhead carnage 7 14 is mounted to move across the bridge 7 I 3, driven by linear servo moitirs 717. 

25 On the carriage 714, an ink jet printhead 715 is supported and oriented so as to jet UV curable ink onto the 
substrate 71 1 on Ihe table 702. Also mounted on the carriage 714 on opposite sides of the printhead 715 u a 
pair of UV light curing heads 7 16 oriented ro expose UV ink jetted onto the substrate 7 1 1 immediately after the 
ink reaches ihe substrate. 

The- table 702 is made of metal, for example stainless steel, and has an upwardly facing surface that 

30 is corned, ut least in the area on which the piiiitliead 715 prints, with a layer of release material 704 such as 
TEFLON, a silicone release material ursume other material 10 which the ink will either not stick, or will stick 
with such low adhesive force that it can be easily wiped or otherwise removed from the release material layer 
704. Ideally, the release material layer 704 has enough adhesion to the ink to prevent it from wiping off by the 
passage of the substrate 71 1 over the table 702. but has sufficiently low adhesion to allow the ink to later be 

35 wiped or otherwise removed from the layer 704 willi relative ease. Alternatively, the ink on the layer 704 may 
normally stick to the layer 704 hut be removable with a solvent or other cleaning agent. 

The UV curing heads 16 preferably have light sources tlun focus over a sufficiently lone depth of field 
so as to expose and cure not only ink that deposits on the substrate 711 but that which passes through pores Dr 
holes in the weave of the substrate 71 1 and collects on ihe underlying release material layer 704 As a result. 

40 ihe ink on Ihe lelease material 704 is sufficiently set ot retired so as to be in a powder or otherwise substantially 
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solid wm: 1 ■ kcntert the cleaning station, so i h sii it can be wiped or otherwise easily removed from the surface 
of ihc release material 704. 

The table 702 may be a vacuum table, with vacuum holes 721 through the layer 704 to allow the 
vacuum la pass through to help hold the subsirMe 711 in place for priming. 
5 Fig. 7B shows a priming apparatus 710 through which web 71 1 of woven or knitted polyester textile 

material is being fed tor pi-i riling. The apparatus 710 includes a support Uible 7 12 over which the well 71 I is 
fed. Fixed bridge 13 extends transversely across tlie path of the well 7 1 L over rhe table 712. Prinlhead carriage 
714 is mounted to imivr across the bridge 7 13. driven by linear servo motors 717. On the carriage 7 14, ink jet 
prlnclie.Ltl 7 15 is suppnned and oriented so as u> jet UV curable ink onto die substrate 7 I 1 on tlie table 712. Also 

10 mounted on Ihe ennriage 7 14 on opposite sidex of Tlie printhead 715 arc UV light curing heads 7 1 6 oriented ro 
expose UV ink jelled onto the substrate 7 1 1 immediately after The ink reaches die substrate. 

Positioned over the mble 712 l>etweeii the table 712 and the substrate 711 is a sheet of release 
material 720, such as TEFLON of a silicone coaled film material or some other material tn which the ink will 
not easily stick oi will stick with such low adhesive force that it can be easily wiped or otherwise removed from 

15 the surface of the release material 720. Tlie release material 720, in the apparatus 710, is in the form of a web 
or endless bell. Tlie belt of release material 720 moves widi the substrate 711 through the apparatus 7 1 0 and 
returns through a path 722 undet the table 712, Along the path 722 is a cleaning station 723 through which the 
belt ofrclea.se material 720 passes. Tlie cleaning station 723 contains btnsh and vacuum dements (not shown) 
which wipe ink from the surface of the belt 72 1 and remove il lo a filter (not shown). 

20 The UV curing heads 7 1 h preferably have light sources that focus over a sufficiently long depth of field 

so as to expose and cure not only hi k dial deposits on the substrate 7 1 I but that which passes til rough pores or 
holes in the weave of the substrate 711 and collects on the underlying belt nf release material 720. As .1 result, 
the ink on tlie release material 720 is sufficiently set or cured so as la he in a powder or otherwise substantially 
solid state as ii enters the cleaning station, so thai it call be wiped or otherwise, easily removed from the surface 

25 of ihe release material 720. 

Where ihe substrate is sufficiently porous for die. ink to puss through it, but not suf I ideally porous to 
allow enough UV light to pass so as lo cure the ink on the protective material, the moveable belt may lie used 
to collect the ink while moving with the substrate so the ink does not smear, then when ihe belt separates from 
the substrate, a separate source of UV liglil can lie used to solidify the ink on the protective layer. Alternatively. 

30 tlie ink may be removed in liquid stale from the belt. 

The table 7 12 nitty be a vacuum table, in which case the material 720 should be sufficiently parous to 
allow the vacuum to puns tiirough tu help hold the substrate 71 1 in place for printing. 

Fig. 7C shows a cross-sectional view of a printing apparatus 705, similar to ihc apparatus 700 of 
Fig. 1. and through which die web or other substrate 7 1 1 of woven or knitted polyester textile material is being 

35 fed for printing. Tlie apparatus 705 includes ti platen or i/*le 706 over which the web 71 1 is fed. Prinlhead 
carriage 714 is mounted to move across the bridge as illustrated in Fig- 7A and has ink jet prinlhead 715 
supported thereon and oriented so iu to jet UV curable ink onto ihe substrate 71 1 above the table 705. Also 
mounted on the carriage 714 on opposite sides of die prinlhead 715 is the pair of UV light curing heads 716 
oriented In expose UV ink jetled onto die substrate 7 1 1 immediately alter ihe ink teaches the substrate 
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Tlic table 705 may be made of metal, for example stainless steel, and has an upwardly facing surface 
ih.11 is coated, at lease in the area on which the piintheud 7L5 prims, with the layer of release material 702 
llierean. Instead of providing the release mutcrial layer 704 uridi enouith adhesion to the ink to prevent it from 
wiping off by lite passage of the substrate 7 1 1 ovei the table 70b, the substrate 71 1 is maintained out of contact 
5 with the layer 704 and table 705 in the region between the printhead 715 and the table 706. 

Spacing between the table 706 and the substrate 711 is nituiiUiiiied by guide structure such as side 
securements, support wires or mesh, sets of n-ansverflc rol lers, or other structure that so maintains the substrate 
11 for priming The guide structure may include sets of transversely extending elements u> pinch the fabric and 
stretch it parallel to and spaced from the table 7(36. The pinch element sets may each include a pair of smooth 
10 low friction bars, a bar and roller set, or a pair nf rollers. The piiicli elements may. for example. Hold die 
substrate in sufficient tension lu keep it in position relative, to the priniheml for printing and to keep it otil of 
comae I with the table 706. In the embodiment of Fig. 7C. die guide structure maintains the substrate 71 1 In 
tension and spared ahoveihe lahle 706 a short distance, for example 1/4 inch, so nut the male rial doc snot touch 
the sin face of the table 706. The tension in the substrate 711 may, for example as shown in Pig. 7C, be 
15 maintained by two spaced sets 731 and 732 of rolls 7.1 la,731b and 732a.732b. one set 731 upstream of the 
prill thend 7 15 and one set 732 downstream of the prillthead 7 15, such that the sets are horizontally spaced about 
thine or four inches apnrl- 

The UV curing heads 16 preferably have light sources that focus over a sufficiently long depth of field 
sous to expose and cure not only ink that deposits on Lhe SU bstrate 711 bin that which posses through pores or 
2D holes in the weave of the substrate 7 1 1 and collects on lite underlying release mnienal layer 704 on the table 706 
spaced below the substrate 71 1 - As a result, the ink on the release material 704 is suffieienlly set or cured so 
astobciiiQ.pow'tleroi'Otherwisesubsiiintiallysolitlst;ite;isitetiter5thec lean nig s tation . so lliar i I can be w iped 
or utJierwise easily removed from the surface of the release materia I 704. 

With the embed i men t 7U5 of Fit!. 7C, the platen 706 is periodically wiped of the ink thai passes 
25 through the porous substnite 7 I I onto the release layer 704. 

The above description is representative nf certain embodiments of the invention Those skilled in the 
an will appreciate that various changes und additions which may be made to the embodiments described above 
without departing from the principles nf the present invention. 
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Therefore, the following is claimed: 



1. A method or printing an image onuj a substrate comprising: 

depositing onto u substrate u substance that is stable until conlatlicd with a curing medium, the 
substance having a dye contained therein; 
5 ill least partially curing che substance on the substrate by applying the curing medium thereto; and 

forming the image on <he substrate by dying die substrate with the dye from die deposited substance. 



2. The method of printing of claim I wherein: 
the substrate is (l textile; 

Hie substance includes UV curable monomers that polymerize when contacted by UV radiation; 
10 the depositing includes jetting die substance containing the dye onto Ihe textile; 

ihe curing includes contacting the monomers deposited on the substrate with UV radiation to form a 
polymer on Ihe surface ot" the textile; and 

ihe Forming of the image occurs as dye from the surface of the Substrate moves into bonding contact 
with fibers ul' the textile. 



1 5 3. The. method of claim 1 or claim 2 wherein: 

the depositing includes jetting an ink composition containing a UV curable component and a dye 
component; and 

the curing includes substantially curing at least the jetted UV curable component rut the substrate by 
exposing the UV tumble component to UV light, the curing resulting in a substantially ciued UV component 
20 on the substrate containing the dye component. 

4. The method of claim 3 wherein; 

ihe forming uf the image includes heating the substrate having the substantially cuitd UV cured 
component thereon and thereby effecting the dyeing of the fabric with il»e dye component. 

5, The method of claim 4 wherein; 

25 the curing results in tliestibstiunially cured UV component containing uncured monomers of the UV 

curable component; and 

the heating includes reducing the level of the uncured monomers of Ihe UV curable component on Ihe 

fabric. 



30 



6 The method of claim I or claim 2 wherein: 

the substance has a pigment included therein; and 

die curing includes fixing the pigment in die cured substance on the surface of the subsb'ate. 
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7. The method of claim 1 or claim 2 wherein: 

the depositing includes jetting onto the substrate a substance contiiiuin g a UV curable component and 
a dye component, and 



5 enpusing the UV curable component on the substrate to UV radiation. 

6. The method of claim 7 wherein; 

thef<>nnii>guftheii]iiigeiiicliidcsliciitins*c.siibsliiiit;ccoiil:iioiiislhesi]bsl!inliallyi;iiredexpusedLiV 
component and the dye ramponcnl on Ihu substrate. 

9. The method of chum 8 wlwreln: 

10 the ru bstantial ly cuied UV curable component includes at least Nome uiicured monomers and the 

healing of lite substance includes reducing the amount of unciired monomers on die substrate, 

10. The method of claim 7 further comprising! 

heating ihe substance cunciiiiitiir the substantially cured exposed UV component and the dye 
component on the substrate; 
1 5 the Iteming includes cotitncti ng the substrate with a heated plate. 



12. The method of chum 1 or claim 2 wherein: 

the at least partial curing of the substance on the substrate includes freezing the substance on the 
20 substrate by applying the curing medium In the substance immediately upon the printing thereof to reduce the 
spread of the substance on the subsume 

13. The method of claim 1 or claim 2 wherein! 

lite at least partial curing of the substance on the substrate includes freezing the substitute on the 
substrate by exposing the substance to UV light immediately upon Ihe printing thereof onto the substrate to 
25 reduce the spread of the substance on ihe suhsnvue 

14. The method of claim 1 wherein: 

the forming dI the image includes contacting the subsu ale having the at least partially cured substance 
Uieieon with a heated nlate. 

15. The inelhud of claim 1 wherein: 

30 the substance is a polyinciiznblc substance containing the dye; 

the curing includes polymerizing the substance by initiating a polymerising paction in the substance 
and maintaining the reaction until the substance is substantially polymerized. 



the curing includes suhsuintially curing at least Ihe UV curable jetted cumpoiietil on the substrate by 



11. The method of claim 1 or claim 2 wherein: 



the depositing includes printing the substance until a large urea substrate. 
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16. The method of claim 15 wherein: 

the forming of rJie linage includes heating tlie substantially polymerized substance and the dye 
contained therein while uu the substrate to effect the dyeing of the substrate. 

17. The method of claim 1 or claim 14 or claim 15 or claim 16 wherein; 
5 die depositing includes the jetting of the substance ontn the substrate. 

18. The method of claim 16 wherein: 

the at least pnrnsiHy Lured nulHmnce includes ill least some uit polymerized monomers and the heating 
includes reducing the ainounl of nn polymerized monomers on the substrate. 

19. The method of claim 1 or claim 2 wherein: 

1 D the substance is a curable liquid having the dye component contained therein; 

rhe curing includes at least partially solidifying the liquid on die surface of the substrate. 

2U. The method of claim 19 wherein: 

the forming of the imago includes heating the at least partially solidified liquid on the surface uf the 
substrate so as to effect the dyeing uf the subsume. 

15 21. The method ul claim 1 wherein: 

the depositing includes jelling onto the substrate a curable liquid polymer hiving the dye suspended 

therein: 

the curing includes substantially curing the liquid polymer on-the substrate to fix the position nf the 
suspended dye on the substrate. 

20 22. The method of claim 21 farmer comprising: 

heating the substantially cured liquid polymer on the substrate to activate the dye and thereby effect 
[he dyeing nf the substiate- 

21. The method nf claim 22 wherein; 
the dye i* a sublimation dye; 
25 the heatine, includes heating rhe dye to sublime the dye til dye the substrate. 

24. The method uf claim 22 wliereiii: 

the tumble liquid polymer is a UV curable substance; 

the dye is a sublimation dye; 

lite curing includes exposing the substance to UV light for a sufficiently short time after jetting the 
30 substance onto the substrate to at least partially prevent a spreading of the polymer or the substrate; and 
the heating includes heating the dye to sublime ihe dye. 
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25. A digital printing method comprising: 

driving a primhead across si subslralc with a linear servo motor, and 
digitally printing an image on the subsume thci-ewiih. 

26. Tlie method of claim 25 wherein: 

5 the priming includes jetting ink I'roni die print head onto the substrate. 

27. The method of eluim 2fi further eomprilulg: 

controlling the jetting of the ink by advancing the liming I hereof in relation to the speed of the print 
head across the substrate. 

23. The method of claim 26 further comprising: 
1 Q contralling the jetting of the ink by advancing the timing thereof in relation to the speed of the print 

head across the substrate to compensate for transverse displacement of ilie ink due in the velocity of die print 
heads parallel to 0* substrate. 

29. The method of claim 25 wherein: 

the driving of the prim lietid includes accelerating and decelerating I he print head while driving it 
1 5 across a substrate with the linear servo motor: ant! 

die printing includes prill ri ng on the substrate while the head is acccleraiing or decelerating. 

31k The method of claim 29 wherein: 

the printing includes jelling ink frail the print head onio the substrate while the head is accelerating 
or decelerating. 

20 31. The method of claim 30 furiliei comprising: 

controlling the jetting of the ink by advancing the timing thereof in relation to the speed of die print 
head across, the substrate. 



25 



32. The method of claim 2fi further comprising: 

controlling the jetting of the ink by ituVaitLinj; the riming (hereof in rehitiun to Ihe speed of die prim 
head across the substrate to compensate for transverse displacement of jetting ink due to the velocity of the print 
heads parallel to the substrate. 



33. The method of claim 25 wherein: 
the substrate is a textile: and 

the printing includes j en in g ink from the print head onto the surface of the lexlile. 
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34. A method of priming <>rur> textiles comprising: 
removing fibers from Hie surface of the su bstrare; then 
inl: jet printing «WO the suhsuaic. 

35. The method of claim 34 wherein: 

5 the removing of the Fibers include!, shaving ilie surface of the subshatc. 

36. Tlie method of claim 34 wherein: 

the removing L>f die Fibers includes singeing die surface of the substrate. 

37. The method of claim 34 wherein: 

the removing of the fibers is performed on the substrate when supported on the frame of a printing 
10 machine; and 

the printing is carried out while Hie Substrate is s till supported on the frame of ihe printing machine. 

38. An inkjet printing apparatus cci mpr ii i 

means for jetting ontn a substrate a substance containing a curahle component and a dye cornponeni; 
means for substantially curing ai least tile curable jetted component on the substrain by exposing the 
15 curable cumrjoiieiil tm ilie substrate to acurinu medium. 

39. The apparatus of claim 38 further comprising: 

means for heating the substrate having ihe cored component and dye component thereon. 

4u. The apparatus of claim 38 further comprising: 

a healed plate configured lo ihermiilly contact die substrate having the cured component and dye 
20 componcnr thereon. 

41. The apparatus of claim 38 Further comprising: 

a bridge extending parallel to Ihe substrate; 

an ink jel primheud ctmiage moveable on the bridge; 

a linear servo connected lo ihe hridge and ihe printhead carriage so as to drive ihe carnage across ihe 
25 bridge; arid 

a programmed conlroller connected to the servo to control the motion of the carriage on the bridge 

42. A ditpml priming apparatus comprising: 
a substrate support; 

a Ihiejir servo mow extending parallel to Ihe support: 
30 a digital printhead moveable on the linear servo motor parallel to die support and directed toward the 

support; 



(67) 



JP 2004-532750 A 2004.10.28 



WO 0W789S8 PCT/l S02/OV963 

-28 - 

a control let operable to drive the- 1 incur servo motor parallel lo the support and Hi opeiute ihe print head 
in synchronism with the movement of the servo motor so print an image on a substrate an the support in 
accordance with data frum an electronic source filc- 

43. The apparatus of claim 42 wherein: 
5 the pritithead is an ink jet printhcad. 

44. The apparatus of claim 43 wherein: 

the controller is operable to time the jetting of the ink from the pri nthcad in relation to the speed of the 
linear servo motor. 

45. The tipparaius of claim 43 wherein: 

10 the controller is operable iodine the jetting of the ink from the priutrieiid in relation to the speed of the 

linear servo motor by advancing or retarding the liming of the jetting nf the ink from the printhead in relation 
to die speed of die print head across the substrate to compensate for transverse displacement of the ink due lo 
Ihc velocity of the prindiead parallel to a substrate on the support 

46. Hie apparatus of c bum 42 wherein: 

1 5 the controller is operab le to ctimrol lite priming of the printlieiid so its to aeeurately produce an i mage 

from rlie electronic source file when llie servo motor is accelerating or decelerating 

47. A textile priming apparatus comprising: 
a substrate support; 

a bridge extending across the support: 
20 mi ink jet print head moveable across the bridge and positioned to deposit a dot paliern of ink onto a 

substrate on the support: 

j computer controlled linear servo motor positioned to move the printhcud across the bridge. 

48. A method of printing onto textiles comprising: 

providing a substrate support with a layer of non-stick protective material; 
25 supporting a textile having pores therein above the substrate support with the layer of non-stick 

protective sheet material between tile substrate support and the substrate; 

jetting UV curable ink onto the substrate with some of the ink passing through the pnics of the 
substrate onto the layer of material; 

expusiuu tlte jelled UV curable ink to UV light; 
30 removing Ihc subslrale from above the support; 

wiping exposed UV curable ink fram the layer of protective sheet mateiial. 
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49. The method of claim 48 wherein: 

the non-stick proieclivemulerial is a eouringof marenul on Ihe support In which UV ink, jetted tlieiexjn 
□ nd at least partially aired, has an adhesive force sufficiently high to prevent such ink fruui being wiped from 
the coating hy the friction of the substrate sliding over the suppuTI, but lias uu adhesive force that is, or can be 
5 made, sufficiently low to allow such ink to he cleaned from the support; and 

Ihe textile is supported on the substrate support in contact with the layer or non-stick protective sheet 

material. 



50. The method of claim 48 wherein: 

rhe supporting of the textile above the substrate support includes extending the substrate in tension, 
10 spaced from lite substrate support adjacent the layei of non-stick protective sheet material at leasr In a region 
between the printlicad and dae substrate Support. 

51. An ink jetting printing apparatus comprising: 
a substrate table; 

a tayet of non-stick, protective material overlying the table so as to collect, and printed the substrate 
15 support from, ink jetred toward a porous substrate over the table and passing thruu«h die porous substrate: 
an ink jet prinlJtead directed lowurd the table; 

a curable head positioned adjacent ihe table to facilitate the curing of ink jetted from die priiuhead 
lowui-d a substrate over the table. 



52. The imparaiusof claim 51 wherein the non-slick protective material is TEFLON. 



20 S3. The apparatus of claim 51 wherein the curing head includes a primary UV light caring source 

positinued to expose ink that has been jetted onto a substrate over the table. 

54, The apparatus of claim 53 wherein the Lairing source is mounted on or near a carriage on which the 
priiuhead is mounted so as to cure ink immediately alter it reaches the substrate so that the Jots ol ink are frozen 
before lliey have a chance to flow into the substrate or spread. 



25 55. The apparatus of claim 53 wherein rhe UV source has a focal length sufficiently long so that Hie light 

penetrates holes in the substrate and cuius ink on the underlying layer. 

56. The apparatus of claim 51 wherein the non-stick protective material is a coating of material oa the table 
to which UV ink. jetted thereon and at least partially cured, has an adhesive force sufficiently high to pi«venr 
such ink fi-oiii being wiped frum the coating by rhe Friction of the substrate sliding over the table. Inn has an 
30 adhesive lorce that is. or can be made, sufficiently low to allow such ink to he cleaned from the table. 
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57. The apparatus of claim 5] further comprising: 

guide structure contiguieduntJ positioned to support the substrate proximate to hut out of contact with 
[tie non-stick protective material at least in a region between the printhead and the substrate table. 

58. The apparatus of claim 57 wherein: 

5 the guide structure includes transversely extending sets of ptnth elements, one set located upstream 

of the printhead and one set located downstreain of the pi imtieud. lu hold the substrate in tension proximate hut 
out cif contact with the table. 

5!». Tlie apparatus of claim 57 wherein: 

ilic: j hi. I' structure includes transversely extending pairs of rollers, one pair located upstream of ihe 
10 printhead and one pair located downstream of the priinliMd, tn hold the substrate proximate but out of contact 
with the in hie 

<il>. An in k jetting pri miiig apparatus comprising: 
a substrate support; 

a layer of non -stick protective material ovErlyiug the support so as In collect, and protect the substrate 
1 5 support from, ink jetted toward a porous substrate on the suppoit and passing dirough the porous subslratc. 
an ink jet printhead direered toward me support: 

a curable head positioned adjacent the support lo facilitate the curing of ink jetted from the prill tliead 
toward a substrate on the support. 

fil. An ink jet printing apparatus comprising: 
20 an ink jet priiuhead configured to jelUV curable ink onto a substrate; 

a UV curing heird configured to ai least partially cure UV curable ink jetted onto die substrate, and 
a heated plate configured to thermally contact the substrate having the at least partially cured UV 
curable ink thereon. 

152. The apparatus of any of claims 38 through 51 further comprising: 
25 means f or t lea n in g ai i i n k je t pri n thead . 

6VJ. An ink jet printing apparatus comprising: 

a frame having a substrate support area thereon, 

an Inkjet printhead configured to jet onto a substrate on the substrate support urea a UV curable ink; 
a UV sunrce configured lo substantially cute the UV curable ink on the substrate; and 
3G a head cleaning station beside the substrate support area having located thereat means l or purging the 

printhead and wiping the printhead. 
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FIG. 5A 
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FIG. 6B 
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FIG. 7C 
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